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c INTRODUCTION AND SUMMARY 
The t h i r d  semiannual r e p o r t  covers  t h e  per iod  from May 6 6  through 
31  October 6 6 0  
This p r o j e c t  is concerned w i t h  some p o s s i b l e  environmental  effects 
upon b r a i n  biochemistry. After exposing r a t s  t o  va r ious  gasemis 
atmodpheric mixtures for varying per fods , the  free amino acid pool and 
b iogenic  amine con ten t  ( w i t h  emphasis on Sero tonin)  of the animals '  
b r a i n s  are measured 
The methodology is  e s s e n t i a l l y  the  same as i n  o u r  r e p o r t  of 9 
May 6 6 .  We have, however, improved the  exposure equipment; w e  
r e p o r t  a full d e s c r i p t i o n  of an inexpensive exposure chamber which 
w i l l  expose 5 t o  10-400 gm ra t s  a t  nea r  1 a t m  f o r  pe r iods  up t o  35 
hr, 
The r e s u l t s  of a n a l y s i s  of 37 ninhydr in  p o s i t i v e  agents  p r e s e n t  
in the free state i n  the  b r a i n  t i s s u e  of rats are repor t ed .  S i x  
groups t o t a l l i n g  28  animals have been s t u d i e d .  The conclusions are 
drawn from these data and f u r t h e r  work is suggested.  
The method f o r  Sero tonin  determinat ion does n o t  have t h e  degree 
of s e n s i t i v i t y  necessary t o  warrant  drawing conclusions as t o  t h e  effect 
of exposure of ra ts  t o  oxygen on changes i n  t h i s  b iogenic  amine. 
We p l a n  t o  cont inue t h e  amino acid a n a l y s i s  on more groups of 
animals i n  o r d e r  t o  s u b s t a n t i a t e  or r e f u t e  the t e n t a t i v e  conclusions 
w e  have reached. 
EXPERIMENTAL PROCEDURE 
Two s t r a i n s  of m a l e  rats, Long Evans and Sprague Dawley were 
used. These animals weighed between 350 and 500 g and w e r e  between 
1 0 0  and 1 5 0  days old. The animals w e r e  exposed t o  the experimental  
or c o n t r o l  cond i t ion  des i red ,  They w e r e  t hen  sacrificed by de- 
c a p i t a t i o n  us ing  a Harvard g u i l l o t i n e  and the  whole b r a i n  was removed 
a€ once. The o l f a c t o r y  lobes and b r a i n  s t e m  w e r e  d i sca rded  and the 
b r a i n  w a s  div ided  mid - sag i t t a l ly .  
l i q u i d  n i t r o g e n  (LN) w i t h i n  9 0  sec after sacrifice and s t o r e d  i n  LN 
u n t i l  i t  w a s  prepared for a n a l y s i s .  
t h e  p r e p a r a t i o n  for free amho ac id  a n a l y s i s  cons i s t ed  of homogeni- 
z a t i o n  and c e n t r i f u g a t i o n  of the t i s s u e  i n  p i c r i c  acid for  p r o t e i n  
p r e c i p i t a t i o n ,  fol lowed,  by removal  of p i c r a t e s  and s o l i d  materials 
by f i l t e r i n g  through a short  column of Dowex 2x8 or 2x10,  
e f f l u e n t  w a s  reduced in.volume t o  f i n a l  concent ra t ion  by l y o p h i l i z a t i o n .  
The p r e p a r a t i o n  for Serotonin  a n a l y s i s  cons i s t ed  of e x t r a c t i o n  of 
S e r o t o n i n  by d i f f e r e n t i a l  s o l u b i l i t y  through aqueous and a l c o h o l i c  
s o l v e n t s ,  One half  of each b r a i n  was prepared by each method for  
i n s t r u m e n t a l  a n a l y s i s .  
chromatograms. 
"height-width" method. 
gration of t he  curve obta ined  by mul t ip ly ing  the he igh t  of the curve 
Each segment w a s  t h e n  f rozen  i n  
The t i s s u e  p repa ra t ions  were as repor t ed  previousiy.  EsaentfsXiy, 
This 
The free amino acid content  of the  b r a i n s  w a s  c a l c u l a t e d  f r o m  t he  
The area under each curve w a s  c a l c u l a t e d  us ing  the  
This is a f irst  approximation t o  t h e  i n t e -  
by fts width a t  h a l f  h e i g h t ,  
IBM 1 6 2 0  d i g i t a l  computer, The fo l lowing  va lues  were ca l cu la t ed :  
a cons tan t  fo r  each s tandard ized  amino acid, t h e  concen t r a t ion  i n  
>M/g b r a i n  for  each amino acid for every animal,  and t h e  means * 1 
~ d .  for each amino ac id  i n  a l l  an ima l s  i n  each group, The compuFer 
program p reaen t ly  f n  u s e  is e s s e n t i a l l y  t h e  same as t h a t  r epor t ed  
earlier , 
Height and width data were p e n c i l l e d  
c on to  mark-sense cards and a l l  computations were performed on an 
The Sero tonin  conten t  w a s  determined wi th  an Mnco-Bowman 
spectrofluoraphotometer. The da ta  was recovered from t h e  meter 
readings  by observa t ion  by t w o  t echn ic i ans  and c a l c u l a t i o n s  were 
made manually 
EXPOSURE CHMBER 
Capabilities I 
This exposure chamber w a s  cons t ruc ted  t o  f u l f i l l  t h e  fo l lowing  
cr i ter ia :  
completely au toc lavable  and e a s y  t o  machine wash: t o  have a capac i ty  
of 1 0  ra ts  450g weight ,  and t o  allow an ima l  v i s i b i l i t y  during 
exposure 
t o  maintain an i n t e r n a l  p re s su re  of 1+ 003 a t m ,  t o  be  
The atmosphere p u r i f i c a t i o n  c i r c u i t  w a s  so cons t ruc ted  t h a t  
b i o l o g i c a l  waste contamination is c o n t r o l l e d  s u f f i c i e n t l y  t o  allow 
exposure of 5 animals for  over  36 h r ,  Construct ion materials w e r e  
selected so t h a t  t h e r e  is no contamination of t h e  experimental  
atmosphere from t h e  chamber, It is a l s o  easy t o  u s e ,  inexpens ive ly  
cons t ruc t ed ,  and p o r t a b l e ,  
Cons t ruc t ion  P 
The chamber was cons t ruc ted  f r o m  two round 5-gal r eagen t  
sh ipp ing  tias of t h e  type  wi th  recessed l i p s  for  s t ack ing .  
of one and t n e  t o p  and bottom of t h e  o t h e r  were removed, 
wi th  wPng n u t s  were mounted to hold t h e  two t o g e t h e r  when d e s i r e d  
and t o  hold on t h e  f a c e p l a t e .  
p i e c e  of 1 1 2 "  P l e x i g l a s ,  The chamber may be assembled i n  one or 
t w o  s e c t i o n s  as needed, S e a l s  were made from rubber  tubing s p l i t  
l engthwise  and jo ined  i n  a c i r c l e  with rubber  cement. The f l o o r  
w a s  made from expanded steel and w a s  r e i n f o r c e d  a t  t h e  edges  with 
ateel. =trzn r" I q g f  and nutput f f t t f n g s  w e r e  s tandard  b ras s  gas 
f i t t i n g s  A 1 1  metalic j o i n t s  were brazed (experience sugges ts  
t h a t  an epoxy adhesive might be used  more e a s i l y  and be q u i t e  as 
s t r o n g ) ,  
c o a t s  of a ca t a lyzed  epoxy based p a i n t  and cured t h r e e  days i n  a 
d ry ing  c a b i n e t ,  To ta l  vo l  is about 1 3 , 7  1, and t h i s  chamber has  
been tested with smoke to a pressure  of 3 l b  above atmospheric with 
no leaks detected, Details a r e  presented  i n  t h e  accompanying 
d iagrams,  Ffgure ( 1 ), 
The t o p  
Eyebol ts  
The f a c e p l a t e  was made from a c i rcu lar  
The e n t i r e  assembly except f o r  t h e  f a c e p l a t e  was given two 
Atmosphere P u r i f i c a t i o n :  
Metabolic waste products  a re  removed from t h e  experimental  
atmosphere i n  a c losed  loop p u r i f i c a t i o n  system, Flow i n  t h i s  
c 
Figure (1) Sketch of Exposure Chamber with d e t a i l s  of construction 
\. system v a r i e s  f r o m  5 t o  7 l /min  O 2  depending on the  amount of 
t rapped c o n t a m h a n t s  i n  t h e  f irst  s t a g e .  The first s t a g e  is a 500 X 
55 ( d i a l  c m  gas t r a p  immersed i n t o  a wide  necked l i q u i d  n i t r o g e n  
r e f r i g e r a t o r .  This f r e e z e s  ou t  H 2 0 ,  CO , and N H 3 ,  and poss ib ly  
other vapors.  It u s u a l l y  develops a p o h  of l i q u i d  O2 through which 
the  atmospheric mixture bubbles,  T h i s  gas t r a p  must be emptied 
after each 6 hr continuous u s e o  The second s t a g e  of p u r i f i c a t i o n  is 
chemical. It  is used as a backup system, and must t a k e  t he  e n t i r e  
load  during the  1 5  min per iod  t h a t  the f irst  s t a g e  is disconnected 
for  c leaning ,  The atmospheric mixture is bubbled through concent ra ted  
H SO . The pump is a l a r g e  volume aquarium pump us ing  s l i d i n g  
c i r b t n  vanes,  
the  flow, b u t  a g l a s s  wool d u s t  t r a p  is mounted between it and 
t h e  chamber t o  removed carbon powder (from the pump i t se l f )  
from the p u r i f i e d  atmosphere. 
tub ing  and glass tubing.  
Figure ( 2 1. 
The pump fo l lows  the two s t a g e s  of p u r i f i c a t i o n  i n  
All connect ions are rubbe r ,  s u r g i c a l  
A f l o w  schematic is presented  as 
(@= on-of f  va lve  ) 
Figure (2) F’.ow diagram of Atmosphere Pur i fy ing  Loop 
Method of. Exposure: 
placed below t h e  f l o o r  of the chamber. 
chamber f n  food cups whfch prevent wastage. 
duced by hand and t h e  f a c e p l a t e  placed loose ly  on t h e  end of the 
chamber, The chamber fs f lushed  f o r  5 mfn a t  12 l/mfn f l o w  of 0 
w i t h  t h e  p u r i f f c a t f o n  loop also i n  opera t ion .  
t h e n  secured and t h e  i n p u t  fs reduced t o  1 l/mfn 0 f l o w .  The 
f l o w  of gas from t h e  t anks  must be ad jus t ed  manualqy whi le  t h e  
system e q u i l i b r a t e s .  
brate  t o  a detectable f l a t  through both t h e  i n p u t  and ou tpu t  
flow meters, This provides an i n p u t  of about 1 / 2  l/mfn, The 
ou tpu t  flow meter is a bubble system c o n s i s t i n g  of an  open ended 
water manometer, It has  been found t h a t  5 i n  H 0 is a convenient 
l e v e l ,  A p o s f t f v e  f l o w  through t h i s  i n d i c a t e s  $ pres su re  i n  t h e  
chamber j u s t  enough h ighe r  than  ambient t o  prevent  back-up 
contamination from o u t s i d e  a i r ,  This fs merely a p recau t ion ,  as 
t h e  a i r t i g h t n e s s  tests ind ica t ed  no no t i ceab le  leaks, A f t e r  each 
t i m e  t h e  cold t r a p  is cleaned it is f lu shed  w i t h  the  exposure gas 
before reconnect ing it t o  t h e  system, and the system must then  be 
r e - e q u i l i b r a t e d  
Bedding, t h e  same as t h a t  used i n  t he  animalsv home cages,  is 
Food is placed i n  t h e  
The animals are i n t r o -  
2 The f a c e p l a t e  fs 
When t h e  exposure gas is 1 0 0 %  02, w e  e q u i l i -  
The cold t r a p  p u r i f i c a t i o n  s t a g e  cannot be used w i t h  a 
gaseous mixture  i n  whfch any d e s i r e d  components of the mixture  
l f q u f f y  a t  temperatures  about t h a t  of LN ( = 1 9 6 O C ) ,  I n  t h i s  case 
t h e  chamber is opera ted  w i t h  free ou tpu t  and an  i n p u t  f l o w  rate 
of approximately 7 l /min,  s u f f i c i e n t  t o  f l u s h  t h e  chamber volume 
once every 2 min, I n t e r n a l  gas f l o w  observed w i t h  smoke showed 
good f l u s h i n g ,  wi th  the chamber cleaned of v i s a b l e  smoke i n  
3 , s  min, 
EXPERIMENTAL CONDITIONS AND CONTROLS 
A t  present ,experfmental  cond i t ions  have a l l  been exposun t o  
1 0 0 %  0 a t  a p res su re  equal  t o  atmospheric p lus  a small increment,  
This  igcrement has v a r i e d  from 1/2 i n  t o  5 i n  H 2 0 ;  S t  is due 
t o  t h e  small water manometer ou tpu t  flowmeter, 
The fo l lowing  exposures have been made., 8 
1, Ames Exposure: Through t h e  cooperat ion of D r ,  H. Leon, 
and k r ,  Gerald B rooksby a t  the NASA A m e s  Laboratories, w e  
were able t o  o b t a i n  b r a i n  material from animals exposed i n  
t h e i r  long-term equipment 
EX roup: 5 Sprague Dawley males f n  1 0 0 %  O2 a t  760  HI3 
C group: 
Ames Chambers, 72  h r .  
Sn f mes Chambers, 72 hr .  
2 Sprague Dawley males i n  a i r  a t  760  mm Hg i n  
2 .  I C B  Exposures: Brain material from e a r l y  exposures w a s  
l o s t  due  t o  a power f a i l u r e  before adopting use  of LN 
. 
r e f r i g e r a t i o n .  
exposure chamber described i n  t h i s  r e p o r t ,  We decided t o  u s e  
*vnormal" ra ts  f o r  con t ro l s  u n t i l  such t i m e  as a change i n  
brain chemistry might be demonstrated. 
c l e a r l y  demonstrated,  w e  can t h e n  c o n t r o l  for  p o s s i b l e  
effects of cond i t ions  ad junc t  t o  the exposure o t h e r  t h a n  02. 
C1-SD: 
C OLE: 
0-100-18-SD: 
0-100-18-LE: 
Therefore a l l  exposures h e r e  have been i n  t h e  
I f  such a change is  
("normal" con t ro l )  5 Sprague Dawley males from animal 
q u a r t e r s  with no s p e c i a l  handl ing.  
5 Long Evans males from animals q u a r t e r s  w i th  no 
2 s p e c i a l  handling. 
8 S rague Dawley males i n  1 0 0 %  O2 fo r  18 h r  
a t  P a t m .  
3 Long Evans males f n  1 0 0 %  O2 f o r  18 h r  a t  
1 a t m ,  
Other 1 0 0 %  0 
t i m e  t o  a to?al of 33 a n i m a l s ,  b u t  t h e  data  is  no t  y e t  f u l l y  
analyzed . 
exposures have been made f o r  vary ing  l eng ths  of 
RESULTS, FREE AMINO A C I D S  
t i s s u e  ana lyses  have been detected and measured. Most of t h e s e  
have been i d e n t i f i e d  by comparison with ana lyses  of s t anda rds  of 
known composition. Some have been t e n t a t i v e l y  i d e n t i f i e d ,  on t h e  
basis of r e p o r t s  of o t h e r  workerso A s tudy  of known o r  r epor t ed  
e l u t i o n  t i m e s  for  va r ious  compounds on t h e  Beckman 120-C and a 
survey of compounds r epor t ed  in t h e  l i t e r a t u r e  t o  be i n  ra t  b r a i n  
t i s s u e  formed t h e  basis of t e n t a t i v e  i d e n t i f i c a t i o n s .  A t  least  5 
compounds have been found for  which t h e r e  i s  no at tempt  made t o  
i d e n t i f y .  
A t  least  37 s e p a r a t e  ninhydrin-posi t ive compounds i n  t h e  b r a i n  
There appears  t o  be a s t r a i n  d i f f e r e n c e  between t h e  Sprague 
Dawley and Long Evans rats insofar as t h e  fol lowing compounds are 
concerned: Sprague Dawley b r a i n  t i s s u e  has  shown a much g r e a t e r  
v a r i a b i l i t y  i n  concent ra t ion  of a s p a r t i c  acid than Long Evans 
b r a i n  t i s s u e .  The same tendency appears i n  t h e  measures of 
th reon ine .  Methionine appears t o  be p r e s e n t  i n  Sprague Dawley 
t i s s u e  i n  g r e a t e r  Concentration t h a n  i n  Long Evans t i s s u e .  
Tyrosine may be p resen t  i n  greater concen t r a t ion  i n  Sprague Dawley 
t i s s u e  than  i n  Long Evans t i s s u e ,  
There appears t o  be a change i n  t h e  free amino acid pools  of 
the b r a i n  due t o  exposure condi t ion  i n  regard  t o  t h e  fo l lowing  
compounds: 
concen t r a t ion  of a s p a r t i c  ac id  i n  b r a i n  t i s s u e .  
exposure f o r  72 h r  may inc rease  t h i s  concent ra t ion .  The same 
changes i n  concen t r a t ion  may be p r e s e n t  f o r  methionine as w a s  
observed f o r  a s p a r f i c  acid. The Concentrat ion of t y r o s i n e  seems 
somewhat reduced under both  exposure coridit ions.  
hand,  t h e  concen t r a t ion  of ama-aminobutyric acid (GABA) appears  
t o  r i se  under exposure to l k 0 2  f o r  1 8  h r .  
s m a l l  number of animals surv iv ing  i n  1 0 0 %  0 f o r  72 h r  a t  1 a t m .  
Due t o  the  experience wi th  t h i s  long exposu?e, w e  have au tops ied  
Exposure t o  1 0 0 %  O2 €or 1 8  h r  appears  t o  reduce t h e  
C o n t r a r i l y ,  
On t h e  o t h e r  
Resul t s  from t h e  Ames experiment are inconclus ive  due t o  t h e  
r e p r e s e n t a t i v e  animals i n  each I C B  experimental  group. 
t h e  l o n g e s t  exposure thus  fa r ,  50 h r ,  t h e r e  has  been no s i g n  of 
lung edema. 
presented h e r e  , 1 
Even after 
(The q u a n t i t a t i v e  data for  t h i s  exposure i s  n o t  
We wish t o  emphasize t h a t  t h e s e  are i n t e r i m ,  t e n t a t i v e  
conclusions which r e q u i r e  f u r t h e r  s tudy ,  S u p e r f i c i a l  examination 
of t h e  raw d a t a  of o t h e r  groups of animals (data which has  not 
been computer analyzed) is inconclus ive  for a l l  of t h e s e  poss ib ly  
s i g n i f i c a n t  observa t ions ,  
I t  should be poin ted  o u t  t h a t  ou r  procedure of a l t e r n a t i n g  
between c o n t r o l  and experimental  groups l i m i t s  t h e  number of 
c o n t r o l  animals upon which w e  can r e p o r t  a t  t h e  moment, 
Graphic Presenta t ion :  
Table I lists t h e  37 ninhydrin-posi t ive compounds e x t r a c t e d  
from r a t  b r a i n s  i n  t h i s  experiment, 
i d e n t i f i c a t i o n  is noted ,  Included a lso are c h a r a c t e r i s t i c  e l u t i o n  
t i m e s  f o r  each compound, 
s tandard ized  were calculated i n  Glutamic Acid  u n i t s  8 t h e s e  
compounds are noted, Also given is t h e  c o n t r o l  number assigned 
each amino acid f o r  u se  i n  d a t a  r educ t ion  and graphing, 
s h o r t  paragraphs c l a r i f y  poin ts  about 7 compounds observed These 
are presented as foo tno te s  t o  Table I ,  
Any u n c e r t a i n t y  of 
Compounds which were no t  q u a n t i t a t i v e l y  
Five 
Graphs I through V I  e x h i b i t  t h e  mean + 1 s tanda rd  d e v i a t i o n  
f o r  each of t h e  compounds observed i n t h e  f i  I C B  exposures 
reported , 
Graph V I 1  e x h i b i t s  t h e  i n d i v i d u a l  va lues  found f o r  each 
amino acid i n  each animal i n  t h e  A m e s  exposure groups. 
Se ro ton in  Analysis I 
It has been found t h a t  t h e  a n a l y t i c a l  procedures r epor t ed  
ear l ie r  are u n s a t i s f a c t o r y  t o  analyze t h e  amount of Sero tonin  
p r e s e n t  i n  one h a l f  of t h e  b r a i n  of a r a t ,  Sero tonin  is  
detectable, b u t  a t  a l e v e l  near  t h e  lower d e t e c t i o n  l i m i t s  of 
t h e  ins t rument ,  Thus ins t rumenta l  va r i ance  masks any b i o l o g i c a l  
o r  experimental  va r i ance  i n  t h e  observed data, 
wi th  Sero tonin  w i l l  r e q u i r e  pooling t h e  t i s s u e  from s e v e r a l  ra t s  
and concent ra t ing  t h e  e x t r a c t  before a n a l y s i s ,  
Fur ther  work 
FURTHER RESEARCH I N  PROGRESS 
A t  p re sen t  32  animals have been exposed fo r  which a n a l y s i s  
is not y e t  complete, These c o n s t i t u t e  4 groups: 
9 Long Evans males, "normal" c o n t r o l  direct f r o m  animal 
q u a r t e r s  with no s p e c i a l  handl ing 
a t  1 a t m  fo r  2 8  h r ,  6 Long Evans males exposed t o  1 0 0 %  O2 
5 Sprague Dawley males exposed t o  1 0 0 %  O2 a t  1 atm f o r  5 0  h r *  
1 2  Long Evans males for Fluothane experiment. 
The Fluothane experiment is t h e  first of a series of 
experiments p ro jec t ed  t o  examine the  effects of a n e s t h e t i c s  i n  
combination wi th  Oxygen on the  free amino acid pools  of the r a t  
b ra in .  To each of 1 2  animals Fluothane 3.6 ml/g w a s  adminis tered 
v i a  stomach tube. With 1 / 2  h r  t he  animals were in t roduced  t o  
t h e  chamber and exposed t o  1 0 0 %  0 
This period was t h e  per iod  i n  whigh the  a n e s t h e t i c  had t h e  
g r e a t e s t  behav io ra l  effect, Animals were s a c r i f i c e d  i n  groups of 
three a t  0 ,  2 4 , 4 8 ,  and 7 2  h r  a f t e r  exposure,  t h e  b r a i n s  re- 
moved and f rozen .  If t h i s  group e x h i b i t s  any s i g n i f i c a n t  changes 
i n  brain amino acids from t h e  "normal" c o n t r o l s ,  w e  w i l l  
e v a l u a t e  t h e  effects of another  c o n t r o l  exposed t o  Fluothane 
b u t  n o t  t o  02* 
a t  1 a t m  for a per iod  of 2.5 h r .  
FURTHER RESEARCH PLANNED 
We w i l l  cont inue t o  expand the  s i z e  of the data pool on 
c o n t r o l  animals It w a s  decided t h a t  i n t e r s p e r s i n g  
experimental  groups and c o n t r o l  groups would a l l o w  a determin- 
a t i o n  of any changes i n  t h e  b r a i n  biochemistry which arise 
g e n e t i c a l l y  over  a f e w  gene ra t ions ,  Fur thermore ,  i t  w i l l  al low 
t h e  o p e r a t o r  t o  o b t a i n  a s u b j e c t i v e  impression i f  t h e  instrumen- 
t a t i o n  changes parameters over a per iod  of cons t an t  use.  
allow u s  t o  o b t a i n  more information regard ing  t h e  t e n t a t i v e  
conclusion t h a t  t h e r e  is  a s t r a i n  d i f f e r e n c e  between Long Evans 
and Sprague Dawley ra ts  i n  regard t o  t h e  free amino acid pools of 
t h e  b r a i n .  
The expansion of the group of "normal" c o n t r o l s  w i l l  a l s o  
Fur the r  re l i c a t i o n  of ex erqmental  work wi th  1 0 0 %  0 
t o  c l a r i f y  o u r  t e n t a t i v e  conclusions regard ing  changes i n  amino 
acid pools due t o  O2 exposure. 
days o l d ,  i n  order t h a t  there be no confusion of these experimental  
r e s u l t s  w i t h  matura t iona l  f a c t o r s .  These animals have ranged 
i n  weight from 350 t o  500 gm. We plan  t o  analyze a small group 
of animals i n  t h e  100-150 gm weight range f o r  an i n i t i a l  com- 
pa r i son  w i t h  earlier data. Fur the r  work along t h i s  l i n e  w i l l  
depend on t h e  i n i t i a l  r e s u l t s .  
a t  1 atm 
w i l l  depend on P he d a t a  from t R e incomplete exposures.  2We wish 
A t  p r e s e n t ,  all exposures have been on animals 1 0 0  t o  1 2 0  
We w i l l  expose groups of animals t o  mixtures  of o2 and iner t  
gases .  
a t  1 a t m .  This mixture w a s  selected because of t h e  common use  
of H e  i n  a r t i f i c i a l  atmospheres for l i f e  suppor t  in inclement 
environments. 
W e  would l i k e  t o  do fur ther  experiments w i t h  a n e s t h e t i c  
compounds other t h a n  Fluothane, i n  combination wi th  02. 
f o l l o w  up t h i s  l i n e  of i n v e s t i g a t i o n  i f  t i m e  permits .  
produced poor r e s u l t s .  
ob ta ined  by combining t h e  t i s s u e  from s e v e r a l  ra ts  and concen t r a t ing  
t h e  sample. 
The f i r s t  exposure will be t o  a mixture  of 80% H e  20% 02 
Again, r e s u l t s  w i l l  guide f u r t h e r  research. 
.* 
We w i l l  
As mentioned e a r l i e r ,  t h e  work w i t h  b iogenic  amines has 
We w i l l  see i f  s i g n i f i c a n t  r e s u l t s  can be 
TABLE I 
Ninhydrin-posit ive compounds observed i n  ra t  b r a i n  
free amino acid pools - 
Compound 
Acidic  and Neu t ra l  
Compounds 
Phosphoserine 
Glycerophosphoethanolamine 
Phosphoethanolamine 
Taurine 
C Urea Unknown #lC 
Unknown #2c 
Unknown #3 
Aspar t i c  Acid 
Threonine 
Se r ine  
Glutamine E 
Glutathione 
Glutamic Acid 
Glycine 
A 1 a n i  ne 
Unknown #4 
a1 ha- minobutyric Acid 
&ep 
Cysta th ionine  
Methionine 
Unknown #5 
I s o l e u c i n e  
Leucine 
Tyrosine 
Phenylalanine 
G 
be ta iAlan ine  
be t a -Adno i sobu ty r i c  - Acid 
Basic Compounds 
ama Aminobutyric Acid b- r n i t h i n e  
E t h a n o 9 m i  ne 
Ammonia 
Lysine 
H i s  t i d i n e  
Carnosine 
Tryptophane 
Arsenine 
E lu t ion  
23 
27 
31 
37 
42 
54 
59 
65 
74 
77 
83 
89 
var iab le ,  
123 
139 
147 
153 
160 
186 
201 
207 
210 
213 
220 
249 
256 
283 
305 
40-130 
10 2 
112 
127 
134 
149 
182 
235 
2 44 
3 79 
? 
? 
? 
C 
C 
? ?  
? ?  
C 
C 
? 
C 
C 
C 
C 
? ?  
C 
C 
C 
C 
? ?  
C 
C 
C 
C 
? 
? 
G 
G 
G 
G 
G 
G 
G 
G 
S 
S 
S 
G 
G 
S 
S 
S 
G 
G 
S 
G 
S 
G 
S 
S 
S 
S 
G 
G 
2 
3 
4 
5 
6 
8 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
26 
28 
29 
30 
31 
34 
35 
36 
37 
40 
41 
43 
44 
46 
48 
50 
54 
56 
FOOTNOTES TO TABLE I 
A. C=compared t o  known s tandard  
?= ten ta t ive -ag rees  wi th  published data 
??=unknown 
B. S=s tandard ized  va lues  used f o r  c a l c u l a t i o n s  
G=Glutamic Acid u n i t s  used fo r  c a l c u l a t i o n s  
C ,  Unknowns #1 ,2 ,3 ,  ( ??#1 ,  ? ? # 2 ,  ? ? # 3 1  
7 , 8 , 9 ,  and 1 0  i n d i c a t e s  t h a t  t h e  data presented regard ing  t h e  
n inhydr in-pos i t ive  subs tances  ??#1, ? ? # 2 ,  and ? ? # 3  may be 
e r roneousa  It appears t h a t  ? ? # 2  may sometimes be e l u t e d  w i t h  
??#1, sometimes with ? ? # 3 ,  and sometimes w e l l  enough sepa ra t ed  
from either t o  be observed as a s e p a r a t e  substance, ,  Our unsub- 
s t a n t i a t e d  opinion is  t h a t  there a r e  three s e p a r a t e  ninhydrfn- 
p o s i t i v e  subs tances  e l u t e d  i n  tha t  p o r t i o n  of t h e  a n a l y s i s ,  b u t  
t h a t  va r ious  parameters of t h e  a n a l y t i c a l  process  cause contamin- 
a t i o n  of t h e  data, These substances are p r e s e n t  i n  t he  b r a i n  
i n  l o w  concent ra t ions  on ly ,  and u n t i l  they  are i d e n t i f i e d  the  
importance they  may play i n  b r a i n  metabolism under any c o n d i t i o n s  
is unknown. 
s p e c i a l  research on t h e s e  substances dur ing  t h e  per iod  of t h i s  
g r a n t  un le s s  f o r t u i t o u s  circumstances p re sen t  u s  w i t h  more concre te  
informat ion  regard ing  them. 
Examination of t h e  chromatograms for  t h e  animals i n  groups 
For these reasons w e  do  no t  p lan  t o  fo l low up w i t h  
D. Glutamine 
The i d e n t i f i c a t i o n  of Glutamine is unce r t a in .  W e  f i n d  t h a t  
o u r  Beckman 1 2 0 4  when operated i n  accordance wi th  the Beckman 
i n s t r u c t i o n  manual based on t h e  work of SPACKMAN, STEIN, and 
MOORE [Anal. C h e m .  3 0 ,  1 1 9 0  (195811 w i l l  n o t  r e s o l v e  both 
glutamine and a s p a r z h e  when they are p r e s e n t  i n  amounts g r e a t e r  
t han  approxfmately 0 0 0 5  JIM i n  t h e  a n a l y s i s  sample, 
e l u t e d  from our  b r a i n  samples a t  t h i s  p o i n t  on the  chromatogram 
is  p r e s e n t  i n  the  sample i n  an amount on t h e  o rde r  of 0 .20  JIM. 
W e  assume the t e n t a t i v e  i d e n t i f i c a t i o n  of t h i s  peak as ex- 
h i b i t e d  i n  b r a i n  sample ana lyses  t o  be glutamine r a t h e r  t han  
a spa rag ine  because of work r e p o r t  by SHAW and HEINE [J. Neurochem. 
1 2  151  (196511, by 
i n  Amino Acid Tools, Z.T, Ecldez, e n ;  New York: E l s e v i e r  (196211 
a n d o t h e r - E r ,  it is equal ly  p o s s i b l e  t h a t  both subs tances  
are p r e s e n t  and cannot be d i f f e r e n t i a t e d  by o u r  a n a l y t i c  
technique .  
--
The compound 
MUSSINI and MARCUCCI, and by TALLm ‘Lboth 
CI 
E. Glu ta th ione  
The va lues  r e p o r t e d  f o r  g l u t a t h i o n e  cannot be considered 
c o n s i s t e n t , ,  
reduced s ta te ,  and the  two s t a t e s  react t o  o u r  a n a l y t i c a l  
p rocedure  d i f f e r e n t l y .  
o x i d a t i o n  s t a t e  of t h e  g lu t a th ione  i n  o u r  sample because doing so 
complicates the procedure.  I t  has been s u g g e s t e d  [TALLAN, MOORE 
and STEIN, J ,  Biol .  Chem.  2 1 1  9 2 7  (195411 t h a t  t h i s  peak creates 
This compound e x i s t s  i n  both an oxidized and a 
We have not  attempted t o  c o n t r o l  t he  
- - - -  
I 
problems c a l c u l a t i n g  any peaks which it under l i e s .  We have n o t  
found t h i s  t o  be a problem. The e l u t i o n  t i m e  of g l u t a t h i o n e  does 
vary considerably from one a n a l y s i s  t o  t h e  next ,  
F. Valine 
I 
I 
The values  r epor t ed  for v a l i n e  may inc lude  some c y s t e i n e .  
Our ins t rument  does n o t  always s a t i s f a c t o r i l y  r e s o l v e  c y s t e i n e  
and v a l i n e ,  
G. alpha-Aminobu t y r i  c Acid 
SHAW and HEINE r epor t ed  an unknown subs tance  i n  r a t  b r a i n  
t i s s u e  e l u t e d  between a l a n i n e  and v a l i n e ,  
in t h i s  area, one of which w e  have i d e n t i f i e d  as a1 ha-Amino- 
b u t y r i c  acid by comparison w i t h  a known s tandard .  -e- t should 
be noted t h a t  w e  u s e  a d i f f e r e n t  a n a l y t i c  ins t rument  wi th  
d i f f e r e n t  i o n  exchange res insand  b u f f e r s  of d i f f e r e n t  pH, so 
w e  cannot s t a t e  wi th  c e r t a i n t y  t h a t  w e  have i d e n t i f i e d  t he  peak 
SHAW and HEINE r epor t ed  as unknown. 
We f i n d  two compounds 
H. Ammonia 
Values for ammonia cannot be considered a c c u r a t e  due t o  
contamination of atmosphere i n  t h e  l abora to ry .  
Group 7= exposure C l - S D  N=5 
Group 8 =  exposure C1 - LE N r 5  
Group 9 =  exposure 0-100-18 SD N = 8  
Group 10= exposure 0-100-18  LE N = 3  ( interim report- 
more data y e t  t o  be ca lculated)  
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